NADPH-sulfite reductase, Sulfite reducase flavoprotein, NADPH transhydrogenase, FMN-FAD interaction, Flavin semiquinone E. coli NADPH-sulfite reductase, depleted of FMN but retaining its FAD, has been prepared by photoirradiation of native enzyme in 30% -saturated ammonium sulfate. FMN-depleted enzyme loses its ability to reduce (using NADPH) ferricyanide, cytochrome c, sulfite, or the enzyme's own heme-like chromophore. However, the FAD remains rapidly reducible by NADPH, and the FMN-depleted enzyme retains NADPH-acetylpyridine NADP + transhydrogenase activity. Thus, FAD can serve as entry port for NADPH electrons, and FMN is required for further transmission along the enzyme's electron transport chain. These data, plus other studies, have enabled us to suggest a mechanism for catalysis which involves FAD cycling between the fully-oxidized and fully-reduced forms while FMN cycles between fully-reduced and semiquinone. This mechanism, which includes a disproportionation step, permits a "step-down" from the twoelectron donor, NADPH, to a succession of equipotential one-electron transfer steps.
Sulfite reductase from Escherichia coli and Salmonella typhimurium catalyzes the six-electron reduction of sulfite to sulfide, using NADPH as the electron donor 2 . The enzyme is isolated as a soluble but high molecular-weight (MW = 670,000) protein containing an array of prosthetic groups whose function appears to be the transport of electrons from the donor, NADPH, to a heme-like chromophore which serves as the sulfite reduction site 1 * 3 . The enzyme contains, per mole, 4 FMN, 4 FAD, 20 moles of iron (four of which are associated with the heme-like chromophore) and approximately 14 labile sulfides *. This complex system is accomodated on twelve peptide chains, which appear to be of only two types 3 ' 4 .
Four chains (termed "/?") bind all of the ironcontaining groups including the heme-like chromophore. This iron-containing polypeptide, which has been prepared free of the flavoprotein moeity (both from Salmonella mutants and from urea-dissociated wild-type E. coli enzyme) is capable of reducing sulfite to sulfide with reduced methyl viologen (but not NADPH) as electron donor 3 . The remaining eight chains (termed "a") bind the FAD and FMN groups. The a-octamer flavoprotein, which has been isolated in pure form from Salmonella mutants, can catalyze a variety of NADPH-dependent reactions In this scheme, steps (7) and (8) represent alternate disproportionation reactions; NADPH always reacts with a fully-oxidized FAD [steps (1) and (4) ], and electron acceptor always reacts with fully reduced FMN [steps (3) and (6)]. In effect, then, the FAD cycles between the fully reduced and fully-oxidized states (probably via a semiquinone), while the FMN cycles only between fully reduced and semiquinone forms during catalysis. As suggested by HEMMERICH (discussion of ref. 3 ), this type of mechanism provides a means whereby the sites of the multielectron reduction of sulfite to sulfide can obtain single electrons of constant potential from NADPH via the flavin groups.
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